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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a CVD semiconductor-manufacturing device using vacuum 
ultraviolet rays for improving the mass productivity and quality of a semiconductor device by 
increasing the generation rate of film formation and improving film quality. 

SOLUTION: When a film-forming raw material is irradiated with vacuum ultraviolet lays 1 1 in a CVD 
semiconductor-manufacturing device using vacuum ultraviolet rays, the raw material is photolyzed, and 
neutral radicals, positive ions and, electrons are generated. When a negative bias is applied to a 
substrate 2, the positive ions are forcibly attracted by electrostatic attraction force and are attracted to 
the substrate 2 to form a film. Since a neutral radical is not charged, the film is formed on the substrate 
2 regardless of the negative bias, thus achieving double generation rate, in experimental values, in 
comparison with a conventional non-bias system. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the generation rate of membrane formation and the 
improvement in membraneous in an optical CVD semiconductor manufacturing device, especially the 
semiconductor manufacturing device which used vacuum ultraviolet light. 
[0002] 

[Description of the Prior Art] conventionally, as art of such a field, there were some which are indicated 
by JP,07-300678,A "optical-pumping CVD system and CVD method", for example. 
[0003]The semiconductor manufacturing device using this conventional vacuum ultraviolet light, 
Excimer lamps (Xe 2 discharge tube etc.) are used for a vacuum-ultraviolet-light generator, a reaction 

chamber has the vacuum-ultraviolet-light transmitting glass which is a vacuum and served as vacuous 
maintenance and the penetration of ultraviolet radiation between the reaction chamber and the excimer 
lamp, and he was trying for bias electric to the substrate which forms membranes to form membranes, 
without being impressed. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned conventional optical- 
pumping CVD semiconductor manufacturing device, the generation rate of membrane formation was 
late, and moreover, since membraneous quality was bad, there was a problem in the mass production 
nature and quality of a semiconductor device. 

[0005]An object of this invention is to provide the CVD semiconductor manufacturing device using the 
vacuum ultraviolet light which can aim at the mass production nature of a semiconductor device, and 
improvement in quality by removing the above-mentioned problem and moreover the generation rate of 
membrane formation raising membraneous quality quickly. 
[0006] 

[Means for Solving the Problem] This invention is to achieve the above objects, [1] While holding 
vacuum-ultraviolet-light transmitting glass of a susceptor which lays a substrate, a vacuum-ultraviolet- 
light generator which irradiates said substrate with vacuum ultraviolet light, and this vacuum-ultraviolet- 
light generator in a CVD semiconductor manufacturing device using vacuum ultraviolet light, It has a 
chamber as a vacuous reaction chamber, and a power supply which makes negative bias impress to said 
substrate is provided. 
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[0007][2]Above[l]In a CVD semiconductor manufacturing device using vacuum ultraviolet light of a 
statement, it is characterized by said power supply being a DC-bias power supply. 
[0008][3]Above[2]In a CVD semiconductor manufacturing device using vacuum ultraviolet light of a 
statement, an abnormal-conditions power supply is provided in said DC-bias power supply in series. 
[0009] 

[Embodiment of the Invention] Hereafter, an embodiment of the invention is described in detail. 
[00 10] Drawing 1 is a mimetic diagram of the CVD semiconductor manufacturing device using the 
vacuum ultraviolet light which shows the 1st example of this invention. 

[001 l]The substrate with which 1 is laid in a susceptor and 2 is laid on that susceptor 1 in this figure 
(example: silicon wafer), The main chamber as a vacuous reaction chamber and 4 3 A vacuum- 
ultraviolet-light generator, The vacuum-ultraviolet-light transmitting glass with which 5 served as 
vacuous maintenance and the penetration of ultraviolet radiation between the reaction chamber 3 and the 
excimer lamp (example: synthetic quartz glass), A DC-bias power supply and 10 are grounds, and the 
vacuum pressure adjustment machine which the feed port which introduces material gas (material gas 
and addition gas) 6, and 7 are provided in an exhaust port, and is formed in the exhaust port 7 8, and 9 
are grounded while the plus side of the DC-bias power supply 9 is connected to the main chamber 3. He 
is trying to, connect the susceptor 1 and a semiconductor substrate to the minus side of the DC-bias 
power supply 9 on the other hand. 1 1 is vacuum ultraviolet light. 
[00 12] Hereafter, each part is explained in detail. 

[001 3] Via the vacuum pressure adjustment machine 8, it is connected to an evacuation pump (with no 
graphic display), and reaction pressure is changed into the main chamber (example: SUS material) 3 in 
the range of lOmTorr - lOTorr. 

[0014]The conductive susceptor 1 (example: SiC material) which carries the substrate 2 (example: 4-12 
inches of silicon wafers) is in the main chamber 3, The parameter of temperature (example: -20-200 **), 
the distance (example: 1-50 mm) from a glass surface, and number of rotations (example: 0-20 rpm) can 
be freely controlled now. It may be made to carry an insulator layer (example: synthetic quartz material, 
1-1000 micrometers of thickness) on the susceptor 1. In this case, it is better to limit to the part which 
touches the substrate 2 directly, when using the construction material (example: polyimide material) 
which carries out a photolysis using the construction material which does not carry out a photolysis, 
since the vacuum ultraviolet light 11 shines upon the surroundings of the substrate 2 directly. 
[0015]It is the vacuum-ultraviolet-light generator 4 as an energy source which carries out the photolysis 
of the raw material of membrane formation on the main chamber 3. The example of [: There are Xe 2 

excimer lamp (10-50 mW/cm 2 ) and] with the desirable one as much as possible where an output is 
larger, and there is the vacuum-ultraviolet-light transmitting glass 5 (example: synthetic quartz glass and 
10-30 mm in thickness) which separates the atmosphere and a vacuum between them. 
[00 16] material gas — { [Material gas (example: TEOS) [tetraethoxy orthosilicate: Si(OC 2 H 5 ) 4 ] And 

addition gas (example: 0 2 ) j is controllable in a flow (example: 1 - 500sccm) at mass flow (with no 

graphic display) etc. The minus side of the DC-bias power supply 9 is connected to the substrate 2 and 
the susceptor 1, the plus side is connected to main chamber 3 grade, and the voltage of 10- 1500V can be 
impressed now. 

[00 17] A metallic net (example: an aluminum material, 1-10 mm of slits) (with no graphic display) etc. 
may be formed between the susceptor 1 and the vacuum-ultraviolet-light transmitting glass 5, and the 
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plus side may be connected to this. The surface of this metallic net may be coated with an insulator layer 
(example: silica material, 1-1000 micrometers of thickness). Since it is only giving potential, output 
power is enough if there is SOW. Since bias is supplied from the current introducing terminal of a main 
chamber wall, it is necessary to notice it about the glow discharge between terminals. When there is no 
insulating coating, it is necessary to detach not less than at least 20 mm between terminals. 
[00 18] According to this 1st example, since the susceptor 1 of the main chamber 3 enabled it to control 
freely the parameter of the distance and the number of rotations from the temperature and the glass 
surface of the substrate 2, it can perform homogeneous improvement in thickness easily. 
[00 19] Since the excimer lamp of the vacuum-ultraviolet-light generator 4 is efficient and emits light in 
the Takamitsu child energy with short wavelength, it carries out the photolysis of the raw material of 
membrane formation easily, and enables efficient membrane formation to illumination. 
[0020]If minus bias is impressed to the substrate 2 and the susceptor 1, the raw material of membrane 
formation of a positive ion by which it was generated in the photolysis can draw near to the substrate 2 
and the susceptor 1, and will be formed by electrostatic attraction on the substrate 2 surface. 
Simultaneously, since the raw material of membrane formation of neutral radicals is also formed, a twice 
as many generation rate as this is obtained with an experimental value. 

[0021]The plus bias (positive bias) to a TEOS pressure is the same as no bias (zero bias), and only when 
minus bias (negative bias) is used, its generation rate improves. This effect is as remarkable as low 
pressure. In this example, TEOS is made into material gas and the polymer membrane which contained 
silica membrane and silica on the substrate 2 is formed. 

[0022] Drawing 2 is a mimetic diagram of the CVD semiconductor manufacturing device using the 
vacuum ultraviolet light which shows the 2nd example of this invention. The same numerals are given to 
the same portion as the portion of the 1st example. 

[0023]In this example, the abnormal-conditions power supply 21 (example: Hz [ 0.1 ] - MHz [ 20 ], 10- 
3000V) is added to the plus side of the DC-bias power supply 9 of the 1st example. Although the 
abnormal-conditions power supply 21 is added to the plus side of the DC-bias power supply 9, it may be 
made to add an abnormal-conditions power supply to the minus side of the DC-bias power supply 9 in 
this figure. 

[0024]First, via the vacuum pressure adjustment machine 8, it is connected to an evacuation pump (with 
no graphic display), and reaction pressure is changed into the main chamber (example: SUS material) 3 
in the range of lOmTorr - lOTorr. 

[0025] The conductive susceptor (example: SiC material) 1 which carries the substrate (example: a 
silicon wafer, 4-12 inches) 2 is in the main chamber 3, The parameter of temperature (example: -20-200 
**), the distance (example: 1-50 mm) from a glass surface, and number of rotations (example: 0-20 rpm) 
can be freely controlled now. On the susceptor 1, an insulator layer (with no graphic display) (example: 
synthetic quartz material, 1-1000 micrometers of thickness) may be carried. In this case, it is better to 
stop in the part referring to the substrate 2 in the case of the construction material which does not carry 
out a photolysis, and the construction material (example: polyimide material) which carries out a 
photolysis, since the vacuum ultraviolet light 11 shines upon the surroundings of the substrate 2 directly. 
[0026]It is a vacuum-ultraviolet-light generator (example: Xe- 2 -excimer-lamp-10— 50-mW/cm- 2 , and) 

as an energy source which carries out the photolysis of the material gas of membrane formation on the 
main chamber 3. There is 4 with the desirable one as much as possible where an output is larger, and 
there is the vacuum-ultraviolet-light transmitting glass (example: synthetic quartz glass and 10-30 mm in 
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thickness) 5 which separates the atmosphere and a vacuum between them. Film formation material gas 
(example: TEOS) and addition gas (example: 0 2 ) are controllable in a flow (example: 1 - SOOsccm) at 

mass flow (with no graphic display) etc. 

[0027]The minus side of the DC-bias power supply 9 is connected to the substrate 2 and the susceptor 1, 
the plus side is connected to main chamber 3 grade, and the voltage of 10- 1500V can be impressed now. 
A metallic net (example: an aluminum material, 1-10 mm of slits) etc. may be formed between the 
susceptor 1 and the vacuum-ultraviolet-light transmitting glass 5, and the plus side may be connected to 
this. The surface of this metallic net may be coated with an insulator layer (example: silica material, 1- 
10 mm of thickness). Since it is only giving potential, the output of the DC-bias power supply 9 is 
enough if there is SOW. 

[0028]The abnormal-conditions power supply 21 for shaking a positive ion and an electron is added to 
the plus [ of the DC-bias power supply 9 ], and minus side. The abnormal-conditions power supply 21 
can impress the voltage of 10-3000V, and can output the sine wave, square wave, and pulse wave which 
are 0.1 Hz - 20 MHz. Of course, a duty ratio is also changeable. Since the abnormal-conditions power 
supply 21 gives dynamic potential, about 200 W is required for output power. In this case, since bias is 
supplied from the current introducing terminal of a main chamber wall, the necessity of being cautious 
of the glow discharge between terminals needs to detach not less than at least 20 mm between terminals, 
when ** does not have insulating coating. 

[0029]According to this 2nd example, since the susceptor 1 of the main chamber 3 enabled it to control 
freely the parameter of the distance and the number of rotations from the temperature and the glass 
surface of the substrate 2, it can make homogeneous improvement in thickness easy. 
[0030]Since the excimer lamp of the vacuum-ultraviolet-light generator 4 is efficient and generates the 
Takamitsu child energy in short wavelength, it carries out the photolysis of the raw material of 
membrane formation easily, and enables efficient membrane formation to illumination. 
[0031]If minus bias and the bias for the abnormal conditions to a DC bias are impressed to the substrate 
2 and the susceptor 1, the positive ion and electron of film formation material gas by which it was 
generated in the photolysis will be shaken with the changing potential (electric field). Since especially 
an electron is very light, in an instant, it is shaken, disassembles the raw material which has not been 
ionized yet by electron bombardment according to potential, and contributes it to generating of a 
positive ion and an electron, and neutral radicals. The electron by which it was generated is used for 
disassembly of a raw material again, and disassembly of a raw material follows it accelarative. 
[003 2] Similarly, a positive ion is also shaken and a raw material is disassembled by the ion 
bombardment accelarative. Since the minus bias of DC is impressed to the substrate if abnormal 
conditions are stopped after decomposition progresses, a substrate is adsorbed with electrostatic 
attraction and the positive ion which is a raw material of membrane formation contributes to 
improvement in a membrane formation rate greatly. Since a raw material is also disassembled into a 
small molecular weight, it contributes also to improvement in the membraneous quality of membrane 
formation. He makes TEOS into material gas and is trying to form the polymer membrane which 
contained silica membrane and silica on the substrate in this example. 

[003 31 Drawing 3 is a figure showing the wafer bias effect over the TEOS pressure which shows the 
effect of this invention. In this figure, a horizontal axis is a TEOS partial pressure. [mTorr] A vertical 
axis is a generation rate. [**/min] is shown and the negative bias rate which <> requires for a zero bias 
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rate and a************ rate, and ** requires for an invention is expressed. 

[0034]In the case of the negative bias rate applied to this invention so that clearly from this figure, it 

turns out that the generation rate is quick notably. 

[0035]This invention can have the following usage patterns further. 

[003 6] Although the above-mentioned example explains the optical CVD semiconductor manufacturing 
device using the vacuum ultraviolet light used for manufacture of a semiconductor device, . When TEOS 
is used as a raw material, there are not a plastic (what performed electric conduction processing to the 
case where the plastic itself has conductivity, and the plastic surface) and conductivity which gave a 
rustproof film, an antireflection film, and conductivity, such as metal. Membrane formation of the 
polymer which contained silica and silica in the usual plastics (example: epoxy poly KABONETO etc.) 
etc. is possible. 

[0037]In the above-mentioned example, although TEOS is mentioned as a raw material, if it is organic 
system metal to gasify, it is applicable also to metaled membrane formation. Depending on a raw 
material and addition gas, membrane formation of a silicon nitride film is also possible. 
[0038]It may be made to make bias impress only with abnormal-conditions power supplies 
(programmable power supply etc.), without using a DC-bias power supply. 

[0039]Although the susceptor and the semiconductor substrate are connected to the minus side of a DC- 
bias power supply in this example, When it is connected only with a susceptor, it is good to repeat 
turning on and off (OFF time is about [ of ON time ] 1/10) periodically, and to make minus bias of a DC- 
bias power supply into no bias (ground connection state). 

[0040]This invention is not limited to the above-mentioned example, and based on the meaning of this 
invention, various modification is possible for it and it does not eliminate these from the range of this 
invention. 
[0041] 

[Effect of the Invention]As mentioned above, according to this invention, the following effects can be 
done so as explained in detail. 

[0042] [A] Since the susceptor of the main chamber enabled it to control freely the parameter of the 
distance and the number of rotations from the temperature and the glass surface of a substrate, it can aim 
at homogeneous improvement in thickness. 

[0043] [B] Since the excimer lamp of a vacuum-ultraviolet-light generator is efficient and emits light in 
the Takamitsu child energy with short wavelength, it carries out the photolysis of the raw material of 
membrane formation easily, and enables efficient membrane formation to illumination. 
[0044] [C]If minus bias is impressed to a substrate and a susceptor, the raw material of membrane 
formation of a positive ion by which it was generated in the photolysis can draw near to a substrate and a 
susceptor, and will be formed by electrostatic attraction in a substrate face. Simultaneously, since the 
raw material of membrane formation of neutral radicals is also formed, a twice as many generation rate 
as this can be obtained with an experimental value. 

[0045] [D]If minus bias and the bias for the abnormal conditions to a DC bias are impressed to a 
substrate and a susceptor, the positive ion and electron of film formation material gas by which it was 
generated in the photolysis will be shaken with the changing potential (electric field). Since especially 
an electron is very light, it is shaken according to potential in an instant, disassembles the raw material 
which has not been ionized yet by electron bombardment, and contributes it to generating of a positive 
ion and an electron, and neutral radicals. The electron by which it was generated is used for disassembly 
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of a raw material again, and disassembly of a raw material follows it accelarative. Similarly, a positive 
ion is also shaken and a raw material is disassembled by the ion bombardment accelarative. Since the 
minus bias of DC is impressed to the substrate if abnormal conditions are stopped after decomposition 
progresses, a substrate is adsorbed with electrostatic attraction and the positive ion which is a raw 
material of membrane formation contributes to improvement in a membrane formation rate greatly. 
Since it is decomposed into a small molecular weight, a raw material is also contributed also to 
improvement in the membraneous quality of membrane formation. 



[Translation done.] 
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[0028] DDq TX«i®9(7)T7XiM^-7-f ^-X 

fit, r^x-f ^-ys.t^w*S$^^^^PBM 

2 1 ttftoti . ^iM«S2 1 (i 1 0 — 3 0 0 0 V«t 
E^'EPSDT'S . 0. 1 H z — 2 0MHz «if >^ • 

®»-^xifc*ai*tr&*. torn, -tjl— r-fifc*SE 
i * i k fc f# £> . 2 Hi. i!ieu«fiS:#x. £> 

<7)T-fH*«7bii 2 0 0 WSgDWJStfc & . i O*^-. 

vsw rxti, ^ yf ^ yA-i«t»^ASf iii^ffi 

cot, m?m<r>yu-Mmiz^-t&<$mtfifo 
tK mmm&^Mis. m-mm^< 1 1> 2 o mm 

[0029] i<ofll2l6ltWfc:±fur, ^>fyf^yA' 
M- Mmm.cO^*-?t:&&&Gil / zfflMT'Z$>J:otz 

So 



(4) 

5 

[00 30] WMWY^t&^WA<r>^i^-?^yy° 

[00 3 1 ] l«2Sy'tt771^tX 
A'-fTXt. DCA*-f 7X tzSmnfctbW UTX& EP 

[0 0 3 2] |5)«t, T=yX4 #>i>ffi£&t>tL^ 4* 

a* asm ztix^z cox , f%mcommx*$) hzr^xA^y 
tfiwmmzi: ^mmzmM^tt. fUxu—vvmuE 
*i<i4«. wm$>>h^ft=?-mzttMzti%><F> 

X\ «colfi«i^±i:i,SW^„ *mWtC\iTK 20 
o s ZWMtfx b L , aHRifcS/ U U * 

U vH8£ i. o [z LX v^ft . 

[0 0 3 3] H3l±*fffiH»Sfta**r^TEOS£E*t 

^-ra^xyvsw rxsssisr^-riaT'&ft, ^oatis 

Wt, «W{iTEOS^JE [niTorr], JKttti±fi£ 
b (A/mi n] Sr^cLTfcD. ♦(±-fef ClA'-f TX 

[0034] i<OHA»4>HH6*«3r i 5 te*3ffiHta&»j&»* 

gj^Tx^-h&ms, ±is.i'-h&$m£m<&~> 30 

[00 3 5] *?§HJfi\ MtlilT^f'Jffl^FJ^W^S^ 

[0036] jjeseaswrwL 4mw*tsaw«efc:M^ 

a^oKiiM ■ Kmm±m - mmmimtz^tzT^x^ 
•>/ fmmzwmmmzwzLtz i> o > ■ »«tto^r 

[0037] ttz, ±.mmmmxii. umt ltteo 
s zmifx tfxtet ft wm&mTfctin&m 
pMmizi>mmx''$&« mmtmnirxizzixit. >> 

[0038HC. dca*^ rxmrnzmh-riz. $m 
mm {~Tuy7~?7)vmMm) co^x-yurx^ma^ 

[00 39] %mm.MX*lZ. D CAM TXmMCD~?J i- 50 
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r^^tcssRLfc*^*. dcam yxmmwj-f- 
xju rxmrnrnz^y^? ( sr^^rtatisr^oo 
1/1 omm) zm^MLx.. i^s^rx <r— xirr 

#380 tz-r&b&w 

[ 0 0 4 0 ] fcfc, *«RW±JJESatMfc:IRjeSfi* fc 

^. 

[004 1] 

[0042] (A] ;>M yftVA- fOlH'T^ti. * 

[0043] C B ] S5I?mtiI^)X3f y77> 

[0 044] CC] IfiSmr^t?^ -tXJUT 
x Eitta-f- s i; , 3t7>flf L st r 9 x ^ ycofcim 
toW&tm W3 1 * fc J: o T *RatXl?-fe r ^ fc? I S 

[004 5] (DllfilW-tT^fe^^qT 

xb , dcam r^tS9itf5fcftw«>f rx^mu-th 
mz^m^mtmts. H*tc, ^^x-f^-^tas^ 

iH»&^tC^*, ItCDC^f 

^x4*ytfmn3mz£y)mmz®MZix, mmv- 

[EffiolS^iMBH] 

[Ell ] *JK8<o»lStitMt^3^(l^*&fflvvfe 
c v D#»fls«B«Ba^tte«Brc* ft . 

[02] *w%m2mtt*7ttT&m\ft*m\-*k. 

c v D^frM^B^^ElT-ft ft . 

[03] *HIBoS6»*SrrTEOSJBE*tSH-S^x 
aA-{ TX^Sr^-r0T'S>ft, 

[W^O|^b>!] 
1 tf-feT^ 



(5) 



2 mm (M : y'Jn^XA) 7 

3 *SO£j5ESi: UW^fyf^yA- (M. S 8 
USf ) 9 

4 jtt£^h3£?&£ilK (i;Xe 2 X^fyV^y 10 

y°) l l 

6 ■ mtintfxzmA~t&mAn 
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[H2] 



6—^ 




4 fOOOO 




[H3] 




a2mmm *oj a- 

B^ft^^sp«^Br^^js727#ffi m 

B^SB^g|3«^BT^^7KM727#ffi B 
g^RS^^^BT^^7KJS727#tfi * 

RR£ttS*i v >- y ff-f y ft 



(72)3&B# BH ??- 

^fl^a^Wy^?»727#±t!! 

m^&mm^^yf^ yft 

(72) TtT* fi 

i^ttgifvyyffW yft 

F?— A(##) 4K030 AA11 AA14 BA29 BA44 BB12 

CA04 CA12 FA15 

4M104 BB04 DD44 HH20 

5F045 AA11 AC09 AE17 AE19 BB01 

BB09 BB16 DP04 EC03 EH20 
EK19 



